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Abstract. 
With increased technology and economic opportunities, demand for energy and fuels in developing countries is 
growing exponentially to run processes and improve lifestyles, but rural areas may not have access. It is thus 
important to identify possible sources of energy for developing rural areas, especially those sources which are 
renewable and locally produced. The objective of this study was to develop a computer model to assess the 
viability of developing integrated biofuel production systems using biomass materials specific to Mozambique 
and India. The models considered various system capacities and production scenarios. Estimates of 
processing costs, along with other economic factors, were determined through techno-economic analysis, and 
environmental impacts were determined through life cycle assessment. Biofuel production on a farm scale was 
determined for a biodiesel, ethanol, and combined production system, with various capacities. Eighteen 
scenarios were created and tested. It was determined that larger capacities were more profitable per unit of 
biofuel, and the capacities exhibited economies of scale. A combined system has proven to increase profits, 
and production of 10L/day, in a combined system is the most profitable of the India based scenarios. In 
Mozambique based scenarios, production of 10L/day, in a combined system is the second most profitable 
option, with the biodiesel scenarios beating it by $0.06 cents per year per liter of biofuel produced. 
Environmentally, the best scenarios are based in Mozambique because of the use of hydroelectric power 
instead of traditional coal powered electricity. The best environment option in India based scenarios is the 
0.125L/hour (1L/day) scenario, producing biodiesel. This system gives off only 10.08 kg of CO2 equivalent per 
year.  This study has provided a starting point for assessment of the farm scale production of biofuels in 
developing countries.  
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Economic Analysis, Life Cycle Assessment  
Introduction 
Transportation plays an important role in the lives of those who need to be able to travel to 
access goods and services, connect and communicate with others, and conduct business to 
earn a living. To facilitate this, transportation fuels, such as diesel or petroleum, are needed. 
Many people depend on motorized vehicles for transportation, especially when traveling 
over long distances, and without fuel, motorized transportation is not possible. In the United 
States, transportation fuels are relatively inexpensive and readily available. The average 
price for a gallon of gasoline in the United States in Quarter 3 of 2013 was $3.66 ($0.96 per 
liter), just 2.60% of the average American's daily wage (Randall 2013). However, in other 
countries, finding available, affordable fuel is an everyday problem for many people. For 
example, in India, the average price per gallon of gasoline is $4.74 ($1.25 per liter). Unlike in 
the United States, the gasoline price in India represents 108.65% of an average day's wage, 
meaning the average Indian needs to work more than a full day to afford a gallon of gasoline 
(Randall 2013).  
While gasoline may be expensive for people in India, the problem is just as bad if not worse 
for the average person in many other countries. In India, 32.7% of people live on less than 
$1.25 a day, and a similar trend can be seen throughout the rest of South Asia, with 31% of 
people living below this amount. In Sub-Saharan Africa, 48.5% of people live on less than 
$1.25 a day making purchasing fuel even more difficult (World Bank, Poverty & Equity Data 
2013). Mozambique is just one of the 25 countries in Sub-Saharan Africa that, compared to 
India, has a higher percentage of people living below this poverty line.     
This inability to afford transportation fuels is not as large of an issue for urban areas as it is 
for those in rural areas. In urban areas, most goods, services, and business opportunities 
are close enough to be reached by walking, riding a bike, or by other low cost means. Yet, in 
rural areas, the same opportunities are not usually found, and 76% of the world's poor live in 
rural areas (Dercon 2009), a clear indicator that the quality of life and the opportunity found 
in rural areas is well below that of urban areas. There seems to be a correlation between 
rural poverty and access to transportation. It has been reported that over 280 million rural 
people in Sub-Saharan Africa and over 440 million rural people in South Asia are without 
access to a mode of transportation (World Bank, Gender Equity related to Access to Rural 
Transport 2007). Rural people in South Asia and Sub-Saharan Africa are in need of 
transportation fuels for long distance travel to more populated areas where goods, services, 
and business opportunities can be found unlike those in their rural communities. 
In addition to long distance travel, with transportation fuels to power vehicles, rural dwellers 
would see improvement in satisfying even their most basic of needs. In rural Mozambique, 
because there is no convenient transportation method, women often spend 4-6 hours 
collecting water and firewood for their families each day, and people walk 1-2 hours to reach 
small farming plots (USAID 2013). With fuel-driven transport, hauling water, firewood, and 
other essential materials would become more efficient in terms of both time spent and 
hauling capacity. An example of this is in Cambodia, motorcycle trailers have been proven to 
carry more than 10 people, or over 500 kg of goods, without major modification (Starkey, et 
al. 2002). Hauling resources is just one daily task that would be made easier for rural people 
by using fuel based transportation. However, fuel costs often account for up to 40 percent of 
the operating costs of these motor vehicles (Starkey, et al. 2002). Even if an individual 
acquired a vehicle and knew how to operate and maintain it, they would still need to find an 
affordable, reliable fuel source.    
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An affordable, reliable fuel source is something that is not currently present amongst 
conventional transportation fuels in South Asia or Sub-Saharan Africa. This will be a problem 
for the foreseeable future because conventional transportation fuels like diesel and gasoline 
have been increasing in price. Since the 2008 financial crisis, oil prices have increased in a 
range between $90 and $130 per barrel of oil, and an average price of $105 per barrel of oil 
is predicted for 2013. World oil prices are expected to fluctuate around $106 per barrel in 
2020 and greatly increase to $163 per barrel in 2040 with the high oil price case for 2040 
being $237 per barrel (Conti, et al. 2013). Additionally, because of remoteness, fuel costs 
are usually more expensive in rural areas than they are in urban areas. In Zambia, fuel 
prices can be 20 percent higher in rural districts than in the capitol city of Lusaka (Starkey, et 
al. 2002). 
Biofuels are a possible answer to this fuel source problem. Biofuels, such as ethanol or 
biodiesel, can be substituted for conventional fossil fuels to generate heat, power, and 
important chemicals and byproducts (Demirbas and Demirbas 2007). Biofuels are made 
from biomass, a renewable source of organic matter derived from plants or animals (IEA 
2013). Agricultural crops are commonly used as a biomass to produce biofuel, and this type 
of biofuel is something that any rural dweller would have the ability to create from their own 
crops. By producing their own biofuels, rural people in South Asia and Sub-Saharan Africa 
will be able to avoid the excess costs associated with bringing fossil fuels to their remote 
farming communities. In addition, any excess biofuel they don't use themselves can be sold 
alongside their crops as an additional and potentially more valuable product. There is a 
definite market for biofuels, and global production has grown steadily from 16 billion liters in 
2000 to more than 100 billion liters in 2011. Today, biofuels provide around 3% of the total 
energy for road transport, and some countries have much higher percentages. For instance, 
in 2009, Brazil met 23% of its road transport fuel demand with biofuels (IEA 2013). By 
producing their own biofuels, rural people will not have to worry about affording outside 
sources of transportation fuel and can use the excess biofuels they produce to sell to others 
in their communities and abroad.   
In addition to bringing economic benefit for rural populations, biofuels are beneficial for the 
environment as well. Biofuels are considered eco-friendly, since they reduce greenhouse 
gas emissions. As is the case with fossil fuels, engines running on biofuels emit carbon 
dioxide, the primary source of greenhouse gas emissions. However, biofuels are produced 
from organic matter like farm crops, and, because crops take in carbon dioxide from the 
atmosphere as they grow, the use of biofuels adds little carbon dioxide to the atmosphere 
(Energy Future Coalitition 2007). It is the common belief amongst the scientific community 
that carbon dioxide and other greenhouse gas emissions have led to global warming. The 
current global mean temperature is about 0.8° C above pre industrial levels, and 2001 to 
2012 rank among the warmest years since record keeping began 133 years ago (World 
Bank, Climate Change Overview 2013). In addition to temperature increase, global warming 
is also believed to cause more severe weather. Weather-related losses and damage have 
risen from an annual average of about $50 billion in the 1980s to close to $200 billion today 
(World Bank, Weather-Related Loss & Damage Rising as Climate Warms 2013). In the 
United States, where the primary transportation fuels are fossil fuels, transportation accounts 
for 38% of total carbon dioxide emissions (EPA 2013). With the outset of global warming, the 
United States is now working hard to reduce its transportation emissions, but this is made 
difficult by the country's oil-driven economy. If rural areas in South Asia and Sub-Saharan 
Africa can begin producing biofuels for transportation, they can avoid having to make major 
adjustments later to decrease emissions, like the United States has to make now.  
Rural people in South Asia and Sub-Saharan Africa are in need of transportation fuels for 
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long distance travel to more populated areas where goods, services, and business 
opportunities can be found unlike those in their rural communities. However, conventional 
fossil fuels are neither available nor affordable in these remote areas, and an alternative fuel 
source is needed for transportation. Producing biofuels in rural areas will solve this problem. 
By producing their own biofuels, rural people will not have to worry about affording 
expensive, imported fuels, and they can use the excess biofuels they produce to sell to 
others in their communities and abroad. In addition to bringing economic benefit to rural 
people, biofuels are beneficial for the environment as well, reducing carbon dioxide 
emissions and global warming.  
The objective of this research is to develop a computer model to assess the viability of a 
biofuel production system in the rural areas of various African or Asian countries. The model 
will consider several biodiesel and ethanol production approaches using local biomass 
materials, and a techno-economic analysis and life cycle analysis will be conducted for each 
of the approaches. 
Materials & Methods 
Model 
Microsoft Excel (Microsoft, Redmond, WA) was used to model 18 scenarios outlined in this 
report. Models were set up so that each scenario had inputs for operation, capacity, 
materials, conversion rates, costs, and environmental rates, which were then used to 
determine outputs, economics, and environmental data. Economic data was computed as 
annualized fixed costs, annual variable costs, and annual benefits. All model components 
are described in more detail, later in the paper. Environmental data was computed to show 
water usage, electricity usage, and greenhouse gases produced. In each scenario, most 
material and utility inputs were specific to the country being investigated, and can be seen in 
Table 2. 
In general, this system is built to run 240 days a year, 8 work hours per day, with down time 
for maintenance and unsuitable weather conditions, among other situations. This allows for 
1920 work hours per year. Annual, daily, and hourly data is based off of these work hours. 
This data allowed each component to be compared on a time basis.  
Scenarios 
Scenarios (see Table 1) were established by altering three components of the models: 
Country investigated (Two countries were used, India & Mozambique, because of their large 
rural poor populations, difference in electricity sources, and availability of crops suitable for 
biofuels production); 
Capacity of the system (1L/day, 1L/hour, 10L/hour); 
Biofuel production (Biodiesel, Ethanol, Biodiesel & Ethanol); 
These components produced 18 simulation scenarios, which can be seen in Table 1. 
Annualized benefits, fixed costs, variable costs, and profits of each scenario were examined 
and compared. Annual benefits consisted of money saved annually from not needing to buy 
the amount of biodiesel produced and annualized equipment salvage value. Annual fixed 
costs were comprised of annualized capital costs, overhead, and taxes. Annual variable 
costs were broken down into water, electricity, chemicals, grain, labor, and maintenance. All 
of these factors were dependent on the scenario options that were being investigated. 
Environmental data was produced to show annual water usage, electricity usage, and 
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greenhouse gas emissions. The economics and environmental components of the scenarios 
were then graphed so that behavior could be shown.   
Constraints 
System Production Rates 
Three biofuel production rates, 0.125 L/hr, 1 L/hr, and 10 L/hr, were selected to cover a 
range of sizes of farm scale biofuel systems. The hourly rates of consumption of raw 
materials were determined for the production rates of each system and are displayed in 
Tables 4a & 4b.  
To produce biodiesel, there is 80% conversion rate from crude oil to biodiesel, and for this 
reason, hourly consumption of crude jatropha oil is 20% greater than the hourly production 
of biodiesel (Sagiroglu, et al. 2011). Knowing the hourly consumption of oil, the seed 
consumption was determined using the conversion rate of 5 kg of jatropha seed for every 1 
L of oil (Brittaine and Lutaladio 2010). The remaining material consumptions were 
determined similarly from oil consumption using conversions of 1:1 L water to oil (O'Conner 
n.d.), 1:10 L methanol to oil (Sadaka n.d.), and 7:1 g of dry catalyst (KOH) to L of oil 
(Dunford n.d.). Having determined these rates of consumption for 0.125 L/hr capacity, the 
rates of consumption for 1 L/hr and 10 L/hr were determined by scaling.  
To produce ethanol, the ratio of 12 kg of sugarcane to 1 L of ethanol was utilized (Russell 
and Frymier 2012). This ratio and another ratio of 40 kg poor quality cane to 100 kg 
sugarcane juice (Practical Action n.d.) were used in combination to determine the 
consumption rate of sugarcane juice which was 4.8 L of juice per 1 L of ethanol. Bagasse, 
the byproduct from crushing the sugarcane, was determined to be produced at a ratio of 1 
kg to 4 kg of sugarcane. The remaining hourly consumptions were determined using 
conversions of 1:4 L juice to yeast (Bazmi, Bhutto and Ghauri 2007) and 1:3.83 L juice to 
water (Duarte, et al. 2011) 
Financial 
There were no specific financial constraints followed in the computer model design. 
However, a goal was to create the most profitable system possible, so the less expensive 
the system could be designed, the better. Especially in the case of the 0.125 L/hr system, 
the least expensive equipment possible was purchased, which usually was the manually 
operated equipment. Equipment was also only purchased in cases when it was absolutely 
necessary. As long as the minimum production rate would be met, when a step in the 
process could be done manually using simple tools, equipment was not purchased. 
Limitations 
Foreseeable limitations that were not accounted for among the project constraints include 
financial, cultural, and skills limitations. One main financial limitation is having the money to 
purchase the equipment required for a biofuel production system. This limitation can be 
overcome if a loan were to be taken out in order to make the payment. However, a loan 
does not erase this limitation, it only spreads payment out over a longer period of time. A 
loan is still a significant problem to deal with, and if interest rates are very high, then this 
option may be ruled out altogether. Interest rates in Mozambique and India currently stand at 
8.25% and 10% respectively (Trading Economics 2013), (State Bank of India 2008) . A main 
cultural limitation is if there will be acceptance of a rural biofuel production system and 
whether or not people in India and Mozambique would see value in biofuels and switch to 
this alternative fuel source. Finally, skills limitations is a factor, since few people in rural India 
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and Mozambique currently utilize transportation fuels or have the knowledge to produce 
them. In addition to operating the biofuel production system, these people would need to first 
acquire and assemble the parts of the system. The various equipment utilized in the models 
was found online. Many of the locations that the equipment were bought from are located in 
and around India and Mozambique, however, not all equipment could be found in these 
areas, and some equipment was obtained from more distant countries.    
Design Description 
Each scenario used one of three biofuel production systems; biodiesel, ethanol, or a 
combined system, producing both biodiesel and ethanol. They are detailed below. 
Biodiesel 
The biodiesel system was built based on a simplified schematic that shows operations 
needed to produce biodiesel and can be seen in figure 1a. An oil crop, jatropha is used in 
this report, is crushed to produce oil, which is then added to a reactor. Methanol and a 
catalyst, potassium hydroxide, are also added in the appropriate amounts. The reactor is 
heated and stirred, and once the reaction is complete, washed with water, and then waste 
water and glycerin is drained from the reactor, leaving biodiesel. Equipment chosen was 
based on these operations and the amount of fluids or solids involved in the different stages 
of production. Glycerin, the co-product produced from biodiesel, is combusted and used as a 
heat source for the reactor. 
Ethanol 
Figure 1b shows the simplified schematic for ethanol production built to show the operations 
needed. A sugar crop, sugarcane is used in this report, is crushed to produce bagasse and 
sugarcane juice. Sugarcane juice is normally used to produce sugar, but will instead be used 
to produce ethanol by adding yeast, fermenting the mixture, then distilling the mixture to 
produce ethanol. This system requires more equipment and more precise equipment to 
control the production of ethanol. Equipment was determined by using the simplified 
schematic and amounts of fluids or solids involved at the different stages of ethanol 
production. Bagasse, a product of crushing sugarcane, is combusted to produce heat for the 
fermentation process. 
Combined Systems 
The combined system produces both ethanol and biodiesel, and the system schematic can 
be seen in figure 1c. The schematic combines the biodiesel and ethanol scenarios into one 
scenario. Both coproducts are used for combustion in these scenarios, primarily as a heat 
source for the biodiesel reaction and ethanol fermentation process.  
Results and Discussion 
Analysis 
The feasibilities for each of the eighteen scenarios were investigated by determining annual 
fixed costs, annual variable costs, and annual benefits. These three amounts were used to 
determine annual revenue. Environmental effects were also determined for every scenario 
by determining total water use and total greenhouse gases emitted. Greenhouse gases were 
determined through two sources, electricity usage to power equipment, and combustion of 
biofuel coproducts to act as a heat source. Each component of the analysis is explained 
thoroughly in the results and discussion section below. 
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Annual Fixed Costs 
Annual fixed costs are costs that do not change with the amount of product being produced. 
The models take into account annual fixed costs, which include capital costs, overhead and 
taxes. Figure 2a-Figure 2f show how each of these impacts the total annual fixed costs for 
each scenario. Figures 2a, 2c, and 2e show the breakdown of annual fixed costs of India 
based systems, with respect to the biodiesel, ethanol, and combined systems. Similarly, 
figures 2b, 2d, and 2f show the breakdown of annual fixed costs of Mozambique based 
systems. Annual overhead costs have the largest share of the fixed costs, except in the 
Mozambique based, biodiesel scenarios, where annualized capital costs took up the largest 
portion. As capacity increases, so does the cost.    
Annual Capital Costs 
Capital costs are the purchases that need to be just purchased once, such as facility costs, 
equipment costs, and engineering and construction work. In each scenario, total equipment 
costs and engineering and design costs were used to calculate capital cost. Total capital 
costs can be seen in figures 2a-2f, compared to total fixed costs and its components. Cost 
evaluations show that engineering and design costs are 7% of total equipment costs. It was 
also shown that as the capacity of the system increased, so did the equipment costs, as 
equipment would need to be sized up, making it more expensive in most cases. Ideally, 
capital costs of the three different capacities would have similar rates of growth as the 
capacity steps up, but this is not the case because of the difficulty finding equipment that 
would fit the exact capacity needed. When an exact match for volume could not be found, 
equipment was sized up to the next available size produced.   Information for each piece of 
equipment was pulled from equipment websites, with preference to equipment originating 
from the country that was being investigated. Equipment prices can vary greatly based on 
where they are produced, where they are being transported to, and the equipment size, 
among other indicators.  
Overhead 
Overhead is the cost associated with the continuous expense of everyday business. In these 
scenarios, overhead is set to 16% of the total value of biofuel produced. Overhead costs can 
be seen in figures 2a-2f, compared to the other components of annual fixed costs.  
Taxes 
Taxes in Mozambique and India are difficult to determine, because in practice, very few of 
the rural poor pay taxes, either because of the remote area that they live in or because of a 
misunderstanding or no understanding of tax laws (FIAS 2006). In India, there are no taxes 
on agricultural income, but if the income is part agricultural income and part income that can 
be charged toward income tax, there will be taxes due under the "Profits and gains of 
business or profession" in Section 2(1) of India’s income tax law. This type of taxation comes 
into play mainly with the production of sugarcane by sugar refining facilities, so the 
production of biodiesel in these scenarios may fall under this category if the owner of the 
facility is also producing the grain. (Income Tax Department of India 2003). In these 
scenarios, we assumed a flat tax rate of 2.5% of biofuel revenue. Tax costs can be seen in 
figures 2a-2f, compared to the other components of annual fixed costs.  
Annual Variable Costs 
Annual variable costs are those costs that change with the amount of product being 
produced. The models take into account water, electricity, chemicals, labor, and 
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maintenance and repairs. Figures 3a-3f show how each of these factors impact the total 
annual variable costs for each scenario. Variable costs are based on material and utility 
costs, shown in table 2. 
Water Use 
Water is used in every scenario, at roughly the rate of 1L water / 1L biodiesel and 23.15 L 
water / 1 L ethanol (ATTRA 2009). The price of water is vastly different in India and 
Mozambique, though both prices are minimal when compared to other costs. In India, water 
costs $0.00006/L, and in Mozambique costs $0.001/L (AllAfrica 2011), (Raghupathi, et al. 
2005). Water costs are variable because of the availability of water and the source that the 
water is obtained from. Water use per year can be seen in figure 6a and water use per liter 
of fuel produced per year can be seen in figure 6b. Cost of water can be seen in figure 3a-3f 
compared to the rest of the components of the annual variable cost.  
Electricity 
Electricity is another factor that is used in every scenario, for various operations. Electricity 
costs $0.08/kWh and $0.038/kWh in India and Mozambique, respectively. These prices are 
also variable based on the remoteness of the facility and the electricity company used. 
Electricity costs based off of the amount of electricity needed for the equipment to run per 
year can be seen in figure 7, and figures 3a-3f show the total cost of electricity compared to 
the rest of the annual variable costs (Brittaine and Lutaladio 2010), (Wilson 2013). 
Chemicals 
Methanol and potassium hydroxide account for the chemicals used in the biodiesel process. 
Methanol was used at a rate of 0.125 L methanol / L biodiesel produced and at a cost of 
$0.44/L. A specific cost of methanol could not be found for Mozambique, so the price found 
for India markets was used for both countries. Potassium hydroxide was used at a rate of 7 
grams KOH / L biodiesel produced at a cost of $0.15/gram and $0.011/g in India and 
Mozambique, respectively.  
Yeast and a molecular sieve were used in the ethanol scenarios. The price of yeast in 
Mozambique and India was not able to be found, so the cost was determined by finding the 
price of yeast in Asia. See Table 2 for more information. A molecular sieve was used to 
reduce the amount of water in the ethanol fuel, and the molecular sieve can be dried and 
reused and is reasonably priced at $0.13/gram. If the ethanol can be dried enough through 
distillation, use of a molecular sieve is not necessary. Chemical prices are variable and 
depend on availability and local prices. 
Grain  
Jatropha grain was used in all biodiesel scenarios as the feedstock because of its 
availability, low cost, and oil producing seeds. If bought on the market, jatropha would cost 
$0.13/kg and $0.067/kg in India and Mozambique respectively. Sugarcane was used in all 
ethanol scenario because of its abundance in both countries, proven ability to produce 
ethanol, and low cost. If bought, raw sugarcane would cost $0.046/kg and $ 0.039/kg in 
India and Mozambique respectively (Business Today 2013), (Jelsma, Bolding and 
Slingerland 2010).  
If the owner of the farm-scale biofuel facility was able to produce the amount of grain needed 
for biofuel production, they may or may not be able to produce the crop for this price, 
depending on the conditions, land, and knowledge of the crop. We are using local market 
prices in our economic analysis. 
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Labor 
Labor was determined on an 8 hour work day, 240 days per year, which totals 1920 hours 
per year. The average minimum wage for each country was used to determine the total cost 
of labor for each scenario. In India, the minimum wage was roughly $0.686/hour and 
$0.519/hour in Mozambique. Total costs can be seen in comparison to the other annual 
variable costs in figures 3a-3f. If the production facility were able to employ family members 
or other dependents on a non-pay basis, labor expenses would not be included, and annual 
variable costs would lower.  
Maintenance & Repairs  
Annual maintenance and repair costs were based on 8% of capital costs. This allows for the 
owner to budget for the inevitable repairs or replacement of ageing or broken equipment, 
hoses, tanks, or other equipment. Maintenance and repair costs can be seen in figures 3a-3f 
compared to the other components of the annual variable costs. 
Annual Benefits 
Annual benefits are the benefits that are realized when the household no longer needs to 
purchase the fuel that they are able to produce. Annual benefits can also be received from 
the annual equipment salvage value. Both of these annual benefits increase with increased 
capacity because of increased savings and equipment value. Annual Benefits can be seen 
in figures 4a-4f, as the total benefit and the individual benefits from annual revenue saved 
and equipment salvage value.  
Annual Revenue Saved  
Annual revenue saved is based solely on the selling price of the biofuel being investigated, 
and the selling price of it. By producing biofuel product, money is potentially being saved that 
would otherwise be spent if imported oil was bought on the market. By including this 
"revenue" we are indicating the money saved that would have regularly been spent on the 
biofuel or equivalent. If more biofuel was being produced than was needed, as most likely 
with the 10L/hour, the producer would be able to sell the product. Selling prices vary widely 
between countries. Ethanol is currently selling for $2.30/L in India and $0.60/L in 
Mozambique, and biodiesel is selling for $0.75/L in India and $1.7/L Mozambique. In the 
1L/day scenarios. These prices can change based on availability and fuel need in the area.  
Annual Equipment Salvage Value 
Annual equipment salvage value is based on a resale value at the end of the equipment's 
life, which was assumed to be 15% of initial equipment costs of the scenario. Annual 
salvage value can be seen in comparison to annual revenue in figures 4a-4f. 
Annual Revenue 
Annual revenue is based on total variable costs and total fixed costs minus total benefits. 
This amount can be seen in figure 5a in $ per year and in figure 5b in $ per year per liter of 
fuel produced. As capacity increases, the profitability of the system decreases, but as the 
capacity increases, so does the amount of fuel produced. Knowing the amount of fuel 
produced allows us to see how much revenue there would be per liter of biofuel produced. In 
most scenarios, there will be no revenue, and a cost to produce. The only profitable scenario 
in the India based scenarios is the 10L/day combined system scenario with a profit of 
$1,094.33/year and $0.06/Lfuel/year. In Mozambique there are no profitable scenarios, 
though some scenarios come close. This may be because of the decreased sales price of 
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biofuels and increased prices of materials and utilities.  
Environmental Effects 
Environmental effects were also studied in this report, and were focused mainly on water 
usage and greenhouse gas emissions from electricity usage and combustion of biofuel co-
products, which were glycerin for biodiesel production and bagasse for ethanol production.  
Water 
Water use per year can be seen in figure 6a, and shows an increase in use as capacity 
grows, with nearly all water use in the ethanol production scenarios, including the combined 
scenarios. Figure 6b shows liters of water used per liter of fuel produced per year. A 
constant rate can be seen for biodiesel scenarios, no matter the capacity, because the 
process still uses the same amount of water per liter to produce biodiesel, 1Lwater/1Lfuel. The 
ethanol process has the water usage across the capacity range, but uses 18.4Lwater/1Lfuel.  
Greenhouse Gases 
CO2 equivalent was found for every electrical and combustion source and used to provide 
greenhouse gas emissions of the processes outlined in each scenario. Greenhouse gas 
emissions   for electricity in India and Mozambique were very different from each other 
because of the way that the electricity was produced, by burning coal in India and by using 
hydroelectric dams in Mozambique. Hydroelectric power emits 4-18 grams of CO2 equivalent 
per kWh while coal burning emits 940-1340 grams of CO2 equivalent per kWh (Tremblay, et 
al. 2004). 
Burning coproducts of biofuel production also produces greenhouse gases. Burning glycerol 
produces 1 ton CO2 per 1 ton glycerol, while burning bagasse emits nearly zero greenhouse 
gases (Reinhardt, et al. 2012). The case can be made that burning these co-products would 
be “carbon neutral” because the carbon that is released from these organic co-products was 
originally captured by a sugarcane or jatropha plant. All greenhouse gas emissions in India 
based scenarios can be seen in figure 8a and in Mozambique based scenarios in figure 8b. 
Emissions are greatest in the larger capacity scenarios because as capacity grows, so does 
the electrical needs of bigger equipment, resulting in larger amounts of coproducts 
produced. Greenhouse gases from both electricity and combustion can be seen in table 3.  
Conclusions 
Based on the data output of this model, it can be observed  that fixed annual costs make up 
roughly 10% of the total cost of each scenario, with variable costs making up the remaining 
90%. This large amount is because of the high cost of chemicals, grains, and labor that is 
needed. As the capacity of the operation increases, so do the equipment costs, raising the 
fixed costs, and the amount of materials needed. This in turn increases the variable costs. 
The models show that the 10:90 trend seems to hold true.  
No one material seemed to dominate variable costs, but instead, it fluctuated between grain, 
labor, and chemicals. In India based biodiesel scenarios, grain costs were high compared to 
other material costs, and drove the price very high. In the Mozambique biodiesel scenarios, 
grain cost much less, 93.3% less at its highest point, but still made up a large portion of 
variable costs, along with labor costs. In both India and Mozambique based ethanol 
scenarios, chemicals dominated variable costs, with chemicals contributing to 20% of total 
variable costs in the 0.125L/hour scenarios, 55-60% in the 1L/hour scenarios, and 74-77% in 
the 10L/hour scenarios. As the capacity and need for materials increases, so does the need 
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for yeast, which contributes to much of the cost.   
Water use is also linked to the capacity and setup of the system. As the capacity increases, 
water use increases as there is a 1Lwater:1Lfuel created ratio of water use when creating 
biodiesel and an 18.4Lwater/1Lfuel created ratio of water use when creating ethanol. Difficulty 
may come when trying to access water, but if water is available, it is quite inexpensive in 
comparison to the other materials and does not incur much of the cost. 
Electricity use also increases the increased capacity, through the use of higher capacity 
machinery that needs bigger motors to operate. Some equipment, especially in the 
0.125L/hour capacity scenarios, were able to be hand operated, needing no electrical power. 
If more labor was hired, and more of these machines were bought, there might be little to no 
need for electricity, but that will drive labor and equipment costs higher to keep the same 
capacity costs.  Electrical use also leads to the use of fossil fuels, especially in the case of 
India, where almost all electricity is produced from coal. This is not the case in Mozambique, 
where almost all electricity is produced from hydroelectric power. Greenhouse gases 
emissions from electricity usage skyrocket in India based scenarios from their coal use in 
electricity production, while emissions from combustion of co-products, glycerin in biodiesel 
scenarios and bagasse in ethanol scenarios, do not play a huge role in comparison. In 
Mozambique scenarios, electricity usage plays almost no role in greenhouse gases, while 
the combustion of co-products does, especially in the 10L/day scenarios where it soars 
(3127.5 CO2 equivalent/year compared to 302.7 CO2 equivalent/year in the 1L/day 
scenarios).  
It is difficult to produce a clear option in the scenarios that were investigated in this report 
because of their low returns and environmental impacts. The scenario that economically 
fares best is the India based, 10L/day, combined system scenario, and it is the only 
profitable option, with $0.06/liter/year revenue. All other options are not profitable, with 
Mozambique based, 10L/day, biodiesel system producing for -$0.74/liter/year; Mozambique 
based, 10L/day, combined system producing for -$0.82/liter/year; and India based, 10L/day, 
biodiesel system producing for -$1.00/liter/fuel. Environmentally, the best scenarios are the 
0.125L/hour capacity scenarios because of their little use of electricity and small amount of 
combustible co-products produced. These options are less expensive on a yearly basis but 
very expensive on a per liter basis as little product is being produced. The worst scenarios, 
environmentally, are the 10L/day scenarios that are considered the most profitable.  
Though it could be argued, the best option for a small scale biofuel production scenario 
would be in Mozambique, where electricity is powered by hydroelectric power, and to 
produce 10L/day. Though this will lead to more expenses, more biofuel is also producing, 
driving the price per liter per year down into a manageable amount. Producing small scale 
biofuels in India is possible, especially if materials and equipment can be found for less than 
predicted.  
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Table 1: Definition of scenarios. 
Scenario  Country   Capacity  Producing? 
1  India  0.125L/hour  Biodiesel 
2  India  0.125L/hour  Ethanol 
3  India  0.125L/hour  Combined 
4  India  1L/hour  Biodiesel 
5  India  1L/hour  Ethanol 
6  India  1L/hour  Combined 
7  India  10L/hour  Biodiesel 
8  India  10L/hour  Ethanol 
9  India  10L/hour  Combined 
10  Mozambique  0.125L/hour  Biodiesel 
11  Mozambique  0.125L/hour  Ethanol 
12  Mozambique  0.125L/hour  Combined 
13  Mozambique  1L/hour  Biodiesel 
14  Mozambique  1L/hour  Ethanol 
15  Mozambique  1L/hour  Combined 
16  Mozambique  10L/hour  Biodiesel 
17  Mozambique  10L/hour  Ethanol 
18  Mozambique  10L/hour  Combined 
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Table 2: Price list of materials and utilities used. 
   India1  Mozambique2  Sources 
Biodiesel Selling Price ($/L)  0.745 1.70 1
(Dias 2013)
2 (Trading Economics 2013) 
Ethanol Selling Price  2.3 0.60
1 (Trading Economcis 2013) 
2 (Cluff 2008) 
Methanol  0.437 0.437
1 (Methanex 2012) 
2 (Methanex 2012) 
Potassium Hydroxide  0.147 0.011
1 (Brittaine and Lutaladio 2010) 
2 (Mundi, Index 2013) 
Sugarcane  0.000273 0.000589
1 (Business Today 2013) 
2 (Jelsma, Bolding and Slingerland 2010) 
Jatropha Grain  0.13 0.067
1 (Global NRG n.d.) 
2 (Nielsen 2009) 
Water  $0.000006 0.98
1 (TERI 2009) 
2 (Luengo, Benerjee and Keener 2010) 
Electricity  0.08 0.075
1 (Wilson 2013) 
2 (Brittaine and Lutaladio 2010) 
Labor (Minimum Wage)  0.686 0.519
1 (Government of NCT of Delhi 2013) 
2 (Hanlon 2013) 
Loan Interest  10.60% 8.67%
1 (Trading Economics 2013) 
2 (State Bank of India 2008) 
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Table 3: Greenhouse gas emissions. 
  CO2 eq. kg/kWh Source 
Electricity - India 0.999 (EIA, US DOE 2007) 
Electricity - Mozambique 0.007 (Tremblay, et al. 2004) 
Glycerin 0.255
(Reinhardt, et al. 
2012)  
Bagasse 0.00 (Siemers 2010) 
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Table 4a: Amounts of materials used to produce ethanol. See Table 1 for scenarios. 
   Ethanol 
  
Juice 
(L/hr) 
Sugarcane 
(kg/hour) 
Bagasse 
(kg/hr) 
Yeast 
(L/hr) 
Yeast 
(kg/hr) 
Water 
(L/hr) 
0.125 L/hour        
(or 1 L/day)  0.6  1.5  0.375  0.15  0.1544  2.3 
1L/hour  4.8  12  3  1.2  1.235  18.4 
10 L/hour  48  120  30  12  12.35  184 
 
 
 
 
Table 4b: Amount of materials needed to produce biodiesel. See Table 1 for scenarios. 
   Biodiesel 
  
Crude 
Oil 
(L/hr) 
Seed 
(kg/hr) 
Water 
(L/hr) 
Methanol 
(L/hr) 
KOH 
(L/hr) 
0.125 L/hour        
(or 1 L/day)  0.15625  0.78125  0.15625 0.015625 0.00343
1L/hour  1.25  6.25  1.25 0.125 0.02744
10 L/hour  12.5  62.5  12.5 1.25 0.2744
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Figure 1a: Biodiesel production simplified schematic. 
 
Figure 1b: Ethanol production simplified schematic.    
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Figure 1c: Combined production of ethanol and biodiesel simplified schematic.   
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Figure 2a: Total fixed costs breakdown of 
India based biodiesel scenarios (see table 1 
for scenarios). 
Figure 2b: Total fixed costs breakdown of 
Mozambique based biodiesel scenarios (see 
table 1 for scenarios). 
Figure 2c: Total fixed costs breakdown of 
India based ethanol scenarios (see table 1 for 
scenarios). 
Figure 2d: Total fixed costs breakdown of 
Mozambique based ethanol scenarios (see 
table 1 for scenarios). 
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Figure 2e: Total fixed costs breakdown of 
India based combined system scenarios (see 
table 1 for scenarios). 
Figure 2f: Total fixed costs breakdown of 
Mozambique based combined system 
scenarios (see table 1 for scenarios). 
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Figure 3a: Total variable costs breakdown of 
India based biodiesel scenarios (see table 1 
for scenarios). 
Figure 3b: Total variable costs breakdown of 
Mozambique based biodiesel scenarios (see 
table 1 for scenarios). 
 
Figure 3c: Total variable costs breakdown of 
India based ethanol scenarios (see table 1 for 
scenarios). 
Figure 3d: Total variable costs breakdown of 
Mozambique based ethanol scenarios (see 
table 1 for scenarios). 
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Figure 3e: Total variable costs breakdown of 
India based combined system scenarios (see 
table 1 for scenarios). 
Figure 3f: Total variable costs breakdown of 
Mozambique based combined system 
scenarios (see table 1 for scenarios). 
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Figure 4a: Total benefits breakdown of India 
based biodiesel scenarios (see table 1 for 
scenarios). 
Figure 4b: Total benefits breakdown of 
Mozambique based biodiesel scenarios (see 
table 1 for scenarios). 
Figure 4c: Total benefits breakdown of India 
based ethanol scenarios (see table 1 for 
scenarios). 
Figure 4d: Total benefits breakdown of 
Mozambique based ethanol scenarios (see 
table 1 for scenarios). 
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Figure 4e: Total benefits breakdown of India 
based combined system scenarios (see table 1 
for scenarios). 
Figure 4f: Total benefits breakdown of 
Mozambique based combined system 
scenarios (see table 1 for scenarios). 
 
  
0.125 1 10
Salvage $312.30 $760.35 $978.21
Revenue $730.80 $5,846.40 $58,464.00
$0.00
$10,000.00
$20,000.00
$30,000.00
$40,000.00
$50,000.00
$60,000.00
$70,000.00
$/
ye
ar
Capacity (L/hour)
India ‐ Combined  ‐ Total Benefits 
Breakdown
0.125 1 10
Salvage $913.69 $760.35 $1,035.21
Revenue $552.00 $2,438.40 $44,160.00
$0.00
$5,000.00
$10,000.00
$15,000.00
$20,000.00
$25,000.00
$30,000.00
$35,000.00
$40,000.00
$45,000.00
$50,000.00
$/
ye
ar
Capacity (L/hour)
Mozambique ‐ Combined ‐ Total 
Benefits Breakdown
2014 ASABE – CSBE/SCGAB Annual International Meeting Paper Page 25 
 
Figure 5a: Revenue in $ per year per liter of biofuel of India based scenarios (see table 1). 
Scenarios are grouped by capacity, 0.125L/hour (1L/day), 1L/hour, and 10L/hour. 
 
 
Figure 5b: Revenue in $ per year of India based scenarios (see table 1). Scenarios are 
grouped by capacity, 0.125L/hour (1L/day), 1L/hour, and 10L/hour. 
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Figure 5c: Revenue in $ per year per liter of biofuel of Mozambique based scenarios (see table 
1). Scenarios are grouped by capacity, 0.125L/hour (1L/day), 1L/hour, and 10L/hour. 
 
 
Figure 5d: Revenue in $ per year of Mozambique based scenarios (see table 1). Scenarios are 
grouped by capacity, 0.125L/hour (1L/day), 1L/hour, and 10L/hour. 
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Figure 6a: Liters of water used per year. Scenarios are grouped by capacity, 0.125L/hour 
(1L/day), 1L/hour, and 10L/hour. See table 1 for scenario information. 
 
 
Figure 6b: Liters of water used per year per liter of biofuel produced. Scenarios are grouped 
by capacity, 0.125L/hour (1L/day), 1L/hour, and 10L/hour. See table 1 for scenario information. 
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Figure 7: Electricity used in kW per year. Scenarios are grouped by capacity, 0.125L/hour 
(1L/day), 1L/hour, and 10L/hour. See table 1 for scenario information.  
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Figure 8a: CO2 equivalent emissions in kilograms per year from electricity usage and 
combustion of biofuel coproducts in the India scenarios. Scenarios are grouped by capacity, 
0.125L/hour (1L/day), 1L/hour, and 10L/hour. See table 1 for scenario information.  
 
Figure 8b: CO2 equivalent emissions in kilograms per year from electricity usage and 
combustion of biofuel coproducts in Mozambique scenarios. Scenarios are grouped by 
capacity, 0.125L/hour (1L/day), 1L/hour, and 10L/hour. See table 1 for scenario information.  
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